Abstract-Nowadays in the greenhouse monitoring system, there are some shortages: a. the concentration of nutrients (such as N, P plasma) in soil solution as a greenhouse environment parameter is often overlooked; b. small ZigBee system can't meet the needs of real-time data storage and remote monitoring. Basing on the situation, this paper designs a new architecture in greenhouse soil solution monitoring system based on ZigBee protocol. The architecture has several small sub-networks. Each of these subnets forms an Ad-hoc network by ZigBee protocol. And nodes in the sub-network can real-time monitor the soil solution concentrations of greenhouse and send data to the coordinator after carrying out data cleaning. The coordinator will send real-time data to a PC monitoring machine and the Cloud. Using PC monitoring machine staff can monitor greenhouse crop conditions. And by utilizing mobile devices access to the Cloud, customers can also monitor soil solution concentration. The experimental results show that the system is stable, real-time and accurate.
I. INTRODUCTION
The facilities of crop cultivation are very important in China and the level of greenhouse environmental control is a key indicator of Chinese greenhouse productivity [1] . Currently greenhouse environment parameters contain the temperature, humidity and light, soil moisture [2] , etc. However, the plasma concentration of nutrients such as N, P in the soil solution is often overlooked. On the other hand, with the continuous development of Internet of things and expansion of facility crop production scale, wireless sensor network technology has been used for real-time monitoring and control of greenhouse environment to make the entire greenhouse production system in good operating condition [3] . ZigBee technology is a most widely used wireless sensor network technology in the greenhouse production system. It is a set of communication technology based on the IEEE 802.15.4 wireless standard related and connected with networking technology, security and application software. As a wireless transmission technology, ZigBee has the advantages of short range, low power, low cost and high capacity [4] . But for the large-scale greenhouse systems, small ZigBee system does not meet the needs of real-time data storage and remotely monitoring. Cloud computing is a computing, storage and other services using the Internet for businesses or individuals, it can realize largescale data storage and sharing of resources in the form of providing service [5] . Therefore, combining wireless sensor network and cloud computing is an efficient and useful way of data processing. This way can satisfy the requirements of real-time data storage and remotely monitoring in practical applications. In this paper, ZigBee is used to organize network, then realize real-time monitoring and wireless transmission of the soil solution nutrient element data. Meanwhile, this paper designs the new architecture, pears the ZigBee network into the Cloud, and then realizes real-time distribution and sharing of large-scale data. In recent years, many experts and scholars have researched the monitoring of greenhouse environment parameters. References [6] [7] use ZigBee technology to implement the paddy crop field monitoring. Firstly, introduce its structure and organize the ZigBee network. Then transmit the sensor data to the PC. Finally, send the data to the server and store these data in the database. But in these papers, they didn't design specific hardware structure of each module and the data is just sent to the server. So the network they designed can't meet the needs of real-time remote monitoring data. References [8] [9] use ZigBee technology to monitor parameters such as temperature, humidity and CO2, and design the hardware and software. However they did not explain how to measure the soil solution concentration. And the data is only stored in the PC leading to the real-time data unshared. References [10] proposes the idea to combine Cloud computing and Internet of things in agriculture and forestry, but this is also just a thought, did not make the actual application and it lacks experimental data analysis. Therefore, this paper designs the ZigBee-based soil solution monitoring system to automatically monitor the concentrations of NO3 -soil solution in the greenhouse and send real-time data is to the PC monitoring machine. And this system finally realizes real-time detection and statistics of soil solution's ion concentration in. At the same time, basing on the advantages of cloud computing, this paper designs a new system architecture which connects the coordinator of ZigBee system with the cloud to achieve real-time data distribution and sharing, monitor large-scale remote data, and finally make the monitoring system with integrated, real-time and accurate characteristics.
II. ARCHITECTURAL DESIGN
The network architecture of soil solution concentration monitoring and cloud processing system based on ZigBee is composed of six layers: sensor layer, router layer, coordinator layer, PC monitoring machine layer, Cloud layer, client-side layer, as shown in Figure 1 . The sensors, routers and coordinators are three kinds of logical device types of ZigBee network. A ZigBee network consists of a coordinator, a plurality of routers and several sensors, which can constitute a star, a tree or a net topology structure [11] . For example, in figure 1 , the intermediate area which appears cloudy is the Cloud. This area contains many distributed servers and personal computers. The clients are above the Cloud, and they include mobile phones, notebooks, and tablets. The areas whose labels are 1, 2, 3, respectively are the three ZigBee wireless sensor networks. The label 1 network contains a coordinator, two routers and three sensors. They constitute the topology of the star. The label 2 network is composed of a coordinator, two routers, and four sensors. And they form a tree topology. The label 3 network is the topology of net form. The third network includes a coordinator, three routers and two sensors. The coordinators of these three wireless sensor networks are all geared into the Cloud, and connect a PC monitoring machine respectively at the same time.
In the designed network, sensors are distributed in a wide range of soilless cultivation greenhouses, and they are responsible for data acquisition and sending. Sensors transport the collected data of ion concentration to routers by ZigBee wireless network protocol. Considering the changes of data quality which are caused by environment or components, the sensor nodes need to be responsible for data filtering [12] works.
Router nodes have routing function, and they are in charge of finding, building, repairing network packets routing information, and then forwarding these packets [13] . Because routers and sensors send data to the coordinator moment by moment, this brings too much burden to coordinator. Hence, routers are provided with data aggregation [14] functions in the network architecture this paper designed. They firstly fuse the data sent from sensors, and then this operation reduces the amount of data to be transmitted to the coordinator.
The coordinator in the network is primarily responsible for the establishment and configuration of network [15] , further aggregating the data from the underlying layers, and then sending the data to the upper PC monitoring machine through UART serial. Meanwhile, the coordinator needs to load real-time data into the Cloud via RJ45 interface, and store data in the Cloud. Monitoring machines can real-time monitor the data, if the ion concentration is not located in the standard range, the machines will carry out advance warning. Client devices contain PC, tablet computers, portable computers, smart phones, PDA and other handheld mobile devices which can have access to the network, the users can realtime monitor the ion concentration of soil solution in the greenhouse at the remote end.
III. HARDWARE DESIGN OF SYSTEM MODULE

A. Sensor / Router Node Design
Considering sensor nodes having the widely distributed and multiple quantity features, the required components of sensors need to be minimized. The function module of sensor/router designed in this paper is made up of four parts including sensing module, processor module, wireless communication module and power module, as shown in Figure 2 . In addition to general data sensing and transmission capabilities, the router node adds the routing function, and has a certain data aggregation capability, thereby easing the burden of coordinator. 
1) Sensing Module
Sensing module is responsible for converting the density of ion signal into the voltage signal which the CPU can handle. The module is composed of by the signal collection and amplification circuit and the filter circuit. The collection of signals can be completed by two electrodes, namely the 403 type nitrate electrode and the reference electrode. The 403 type nitrate electrode is a voltage output-mode sensor, which means the measured nitrate solution concentration signal is a voltage signal. However, this signal is only a few tens of millivolts, and the ADC in CC2530 is 12 bits, so the CC2530 can't detect millivolt level change at all, then the measured signals need to be amplified. This paper adopts AD620AN chip to amplify the collected signal voltage margin, and its magnification times are designed by the AD620AN gain formula (1), in which RG represents the value of resistance that connects this chip. 49. 9 1
Owing to the interference of environment and components, after signal collection and amplification, the signals require to be filtered. I.e., to minimize the AC component of the ripple DC voltage and retain its DC component, thus reducing the ripple coefficients of output voltage and smoothing the waveform. This paper uses 5th order Butterworth LPF filter circuit [16] to filter the voltage signal. By way of contrast, this circuit has a better result than other filter circuits, as shown in Figure 3 . The original signals go through a three-stage amplifier and some external resistors and capacitors to become the denoising signals. Because the LM324 chip has four amplifiers, and its power voltage is same as AD620AN chip, so we use LM324 chip to filter.
2) Processor Module
The processor module is in charge of converting the analog signal gathered by sensing module into the digital signal and further processing this signal. The module is made up of two parts, a memory and CC2530 chip. Traditionally ADC should be included in the sensor module, but taking into account the CC2530 chip itself has ADC part, so we put it in the processor module. ADC part transforms the analog voltage obtained by filtering to the digital voltage, and further brings the signal into the MCU to process. Although the voltage signal has been filtered through the sensor module, but due to mutations of the external environment and other factors, the digital signal might mutate. We use software to realize the filtering, which is named the data cleaning [17] . Within a certain period of time, if the voltage in a moment mutates, then the data will be just removed.
3) Wireless Communication Module
The reason why we adopt CC2530 as the CPU depends primarily on its excellent RF performance. It is equipped with a powerful radio front-end [18] . The CC2530 chip has a 2.4 GHz IEEE 802.15.4 standard RF transceiver, excellent receiver sensitivity and anti-jamming capability, and its programmable output power is +4.5 dBm, the overall quality of the wireless connection link is 101dbm.
4) Power Module
Power module is responsible for the power supply of the entire node. The module consists of two parts: 3V converted to 3.3V part powers the CC2530, and the 3V converted to ±12V part powers the sensor module. Since sensor nodes are placed in the field without management for a long time, we use two dry batteries in series to the power supply, then they can support 4-5 months. In the case of sufficient power, the output voltage of two 1.5V batteries in series is 3V. This paper uses TPS60211 chip, which can convert the 1.8V-3.6V input voltage into 3.3V constant output voltage. Because signal acquisition part and the filter part of sensing module both require 12V voltage to supply power, the power module needs to output 12V voltage. However, the use of a 12V battery will lead to the high prices and short power supply time, this paper uses MAX668 chip as a step-up DC converter, which converts 3.3V to 12V output power. Signal acquisition part of sensing module requires ±12V to supply power, so we use TPS5430 chip to convert the +12V input voltage to a -12V output voltage. 
B. Coordinator Node Design
The coordinator node designed in this paper contains a sensor module, processor module, wireless communication module and power module, which is the same as the sensor or router nodes. Nevertheless, considering the coordinator also needs to transfer gathered data to a PC monitoring machine and the Cloud. Its processor module is fitted with RJ45 network interface and serial port turn USB interface. The hardware module of coordinator node is shown in Figure 4 .
1) Processor Module
In addition to sensing and routing functions, the coordinator node is also in charge of setting up and configuring wireless network, aggregating data from other nodes and then sending data to the upper layer. Given that the coordinator has heavy workloads and onerous tasks, so the power W7100 is used as the microprocessor to process data. W7100 is a robust network microprocessor, which includes a compatible 8-bit microprocessor core with 8051 and a full hardware TCP/IP protocol stack, Ethernet MAC and PHY. So just the SOCKET programming can accomplish Ethernet communication without the underlying operating.
2) Power Module
Taking into account that coordinator has the extraordinary power consumption, heavy tasks and fast speed of battery power consumption, if the external power supply can be allowed to place in, power consumption is no longer a problem. Therefore, the power module of coordinator also includes an external power connector. As the coordinator node connects with the PC monitoring machine via serial port turn USB interface cable, which can provide 5V supply voltage for the coordinator node. This paper uses AMS1117-3.3 chip to turn a 5V power supply into a 3.3V power supply which powers the microprocessor.
3) Serial Port Turn USB Interface
Coordinator node communicates with the PC monitoring machine through the serial port, but most 
4) RJ45 Network Interface
In addition to communicating with the PC monitoring machine via serial, the coordinator also remains to transmit real-time data through the TCP/IP protocol to the Cloud, so it is equipped with a RJ45 interface to communicate with the Cloud. W7100 is a network microprocessor, connecting the corresponding four differential signal lines of the chip pins to the RJ45 interface can accomplish the network hardware. Because internal TCP/IP hardcore of W7100 can provide socket, just the SOCKET programming can accomplish the Ethernet communications. Coordinator sends real-time data to the Cloud over the network, the Cloud stores these data, and then clients can remotely access and control the coordinator. 
IV. SYSTEM SOFTWARE DESIGN
A. External Voltage Measurement
The external voltage measurement process is as shown in Figure 6 . The "value" stores a binary number, so getting the voltage value needs further calculations. Because the resolution is set to 14, when V = 3.3V (the voltage is the analog supply voltage value), value = 0X3FFF = 2 15 -1 = 32767. When V = 0, value = 0, as shown in equation (2) .
The relationship between the "value" and the voltage V is a ZCP linear equation in two unknowns. This equation can be derived as formula (3) . Nevertheless it is very difficult for the limited computing power CC2530 to real-time calculating formula (3). Because the shift operation of dividing 32767 ≈ (32768 = 215) is simpler and power saving, this paper directly moves the value of "value" * 3 to the right 15.
*3 32767
value V  (3)
B. Data Cleaning
Some factors such as the external environment and components will lead to mutations of the measured external voltage. These measurement values need to be carried out data cleaning operation. This paper uses the threshold method for data cleaning work. In a fixed period of time, firstly, record the maximum number of occurrences of the measured values. And then set a threshold value based on this value. If a particular measured result exceeds this threshold, ignore it. Finally, calculate the average sampling value within this fixed time and send to the upper level node. The process of data cleaning is shown in Figure 5 .
C. Software in PC Monitoring Machine
The designed coordinator communicates with the PC monitor machine via UART232 protocol. In the entire network, each time the bottom nodes sent 15 bytes of data to the top nodes. So the serial port of the PC monitor machine receives 15 bytes of data each time, and the meaning of each byte is shown in Table 1 .
In this table, the node network address, solution concentration value and the father node network address are necessary. The software of PC monitoring machine intercepts received data each time, gets the node network address and the father node network address these four key bytes, and then determines the topology of the network. At the same time intercepting the corresponding key bytes of the concentration value can obtain the solution concentration of each node. And consumers can set the alert values of solution concentration. If the measured value exceeds this range, the software of PC monitoring machine marks the corresponding node as red. 
V. EXPERIMENTAL RESULTS
ZigBee technology can be used to real-time monitor the environment parameters in greenhouse, such as temperature, humidity, illumination and so on. For example, the references [6] [7] measure paddy crop data, references [8] [9] measure temperature and humidity in the greenhouse and the reference [1] measures the degree of illumination in the greenhouse. Current there are rare literatures which use ZigBee technology to measure the soil solution nutrient element data. The system designed in this paper measures the real-time data of soil solution nutrient element in the greenhouse. This method is original and advanced. The reference [10] , on the other hand, puts forward combining cloud computing and Internet of things in agroforestry. However, this literature only proposes an idea, has not real experiments. The system this paper designs pears the coordinator in the wireless sensor network into the Cloud, and uses cloud computing technology to realize remote customers' realtime monitoring soil solution element inside the greenhouse.
A. Experimental Physical Map
In the experiment, there are ten nodes, including six sensors, three routing nodes and one coordinator node. Some parts of hardware figures are shown in Figure 7 . The left part of Figure 8 is the KNO3 solution and KNO3 electrodes used in the experiment. The right part of Figure 8 shows the sensing module of nodes, and the module connects to the electrode by the BNC connector.
B. Demarcation of Standard Solution
Due to some factors such as environmental mutations can cause specific solution concentration corresponding voltage value to change, it is necessary to demarcate the standard solution in a fixed time period. The method of demarcating standard solution is as follows: firstly, measure the voltages of the given two cups of known concentration solution, then calculate the relationship between the concentration and voltage according to the equation 4, finally, write the formulae to the program and measure the concentration of the real-time solution.
V aC b  (4)
The experiments sample three known concentration KNO3 solutions (10 Write the data in Table 2 
C. Real-time Monitoring Results
The coordinator sends real-time data to the PC monitoring machine and the Cloud, so the staff or clients can timely monitor and control soil solution concentrations in field or canopy. The monitoring interface is shown in Figure 9 . The left column is the network address of all nodes in the network. The dropdown box can be selected to see all nodes, the nodes in normal concentration and the node in a state of alert. The lower right corner can be chosen to set the range of solution concentration. If it exceeds this range, there will be warning. If the clients want to see the solution concentration of a specific node, click the left node, the right side appears corresponding concentration curve of the node, as shown in Figure 10 . It is a concentration graph of the 0x214 node. Initially, the solution concentration remains stable, after slowly adding the KNO3, the concentration shows a gradual upward trend. Then after slowly adding distilled water, the concentration decreases slowly. After adding sufficient KNO3 or water, the concentration dramatic rises and declines.
VI. CONCLUSIONS AND FUTURE WORK
This paper designs and implements a ZigBee based sensor-Cloud soil solution monitoring system, which selforganize network nodes on greenhouse or field through the ZigBee protocol. And this paper designs three kinds of logical devices of ZigBee according to the actual needs, while accesses the coordinator to the Cloud, sends the real-time soil solution concentration data to the Cloud, with the benefits of real-time, accuracy and integration.
But this paper only measures the soil solution concentration without adding temperature and humidity sensors. It is need to further improve facilities in the future, and achieve a complete agricultural facilities control system.
